A therosclerosis constitutes the single most important contributor to cardiovascular diseases, which are the leading cause of death and illness in developed societies. 1, 2 Atherosclerosis-related ischemic symptoms, especially acute cardiovascular events that result in myocardial infarction and stroke, are generally thought to result from plaque rupture and thrombosis other than narrowing of the vessel lumen. 3 New strategies for preventing and treating plaque rupture are very much needed based on understanding of factors that contributed. Oxidized low-density lipoprotein (oxLDL) plays a pivotal role in triggering proinflammatory events that initiate and exacerbate atherogenesis, 1, 4 which induces the expression of adhesion molecules, chemokines, and cytokines in vascular endothelial cells, 5 triggering recruitment of monocytes into the subendothelial space of the arterial wall, where they differentiate into macrophages. Recruited macrophages ingest and further oxidize LDL, transforming into foam cell after excessive oxLDL accumulation. These transformed macrophages not only constitute early fatty streak lesions and the core of atherosclerotic plaques but also become active inflammation centers because of secretion of inflammatory molecules and matrix metalloproteinases (MMPs), which promote atherosclerotic plaques deterioration and ultimate rupture. 6, 7 Paraoxonase (PON)1, originally recognized for its ability to hydrolyze paraoxon, is present in circulating high-density lipoprotein (HDL) and has been shown to inhibit LDL oxidation in vitro. 8 Compared to wild-type (Wt) counterparts, PON1-deficient mice develop significantly larger atherosclerotic lesions in their aortas, 9,10 whereas PON1-overexpressing mice possess atheroprotective properties. 11 In humans, low PON1 activity has been shown to be an independent risk factor for coronary heart diseases. 12, 13 However, PON1 is only a member of the PON gene cluster (PC), which also includes PON2 and PON3. PON2 is ubiquitously expressed in mammalian tissues, and is a cellular antioxidant, retarding the oxidation of mildly oxidized LDL. 14 PON2-deficient mice develop significantly larger atherosclerotic lesions compared to Wt controls. 15 A role for PON2 in the development of human atherosclerosis is suggested by its relationship with intima-medial thickness in white patients with heterozygous familial hypercholesterolemia. 16 PON2 can also reduce oxidative stress in vascular cells by decreasing stress-induced caspase activation in the endoplasmic reticulum. 17 PON3 is also an HDL-associated enzyme with biological activity similar to PON1. 18 PON3 transgenic (Tg) mice exhibit decreased atherogenesis compared to their littermates. 19 Moreover, PON2 and PON3 are also reported being able to reduce the accumulation of macrophages in the atherosclerotic plaques. 15, 19 Based on these findings, Reddy et al concluded that all members of the paraoxonase gene family could be used as therapeutic targets for the treatment of atherosclerosis. 20 Nevertheless, as a gene cluster, the role of the entire PC in atherogenesis still remains to be elucidated. Moreover, the danger of an atherosclerotic plaque is not related to its size but rather to its tendency to rupture. 21 Given that high plasma and plaque levels oxLDL are correlated with vulnerability to rupture of atherosclerotic lesions in human, 22 whether PC can exert its oxLDL-and macrophage-inhibiting function to promote atherosclerotic plaque stability deserves exploration. Using PC Tg mice, we demonstrate for the first time that the PC transgene repressed atherogenesis and promoted atherosclerotic plaque stability in vivo.
Materials and Methods
An expanded Materials and Methods section is available in the online data supplement at http://circres.ahajournals.org. All protocols regarding the care and use of animals were approved by the institutional guidelines.
Construction of Human PON Cluster Transgenic Mice
A 170-kb DNA fragment containing the PON1, PON2, and PON3 genes and their flanking sequences was prepared for microinjection as described. 23 Mouse Breeding, Diet, and Analysis of Atherosclerotic Lesions PC Tg mice were crossed with ApoE-null mice to obtain PC Tg/ApoE-null mice and ApoE-null littermates, which were maintained on chow diet for 6 weeks and then switched to a Western diet containing 10% fat and 1.25% cholesterol to induce atherogenesis. En face aorta atherosclerotic lesions were analyzed as described. 24, 25 
Plaque Morphology Histomorphometric Analysis
Atherosclerotic plaques at the aortic valve level were sectioned as described. 26 Plaque morphological histomorphometric characters were analyzed via hematoxylin/eosin (H&E) staining. Plaque composition was detected by oil red O staining (lipid-rich cores), Picric and Sirius staining (collagen), anti-␣-smooth muscle cells (SMC)-actin antibody (smooth muscle cells) staining, and anti-MOMA-2 antibodies (macrophages) staining. Plaques stability was evaluated by comparing the percentages of the above plaque components in the entire plaques. The histological plaque stability score was calculated as follows 26 : (plaque stability score)ϭ(SMC areaϩcollagen area)/ (macrophage areaϩlipid area).
PCR Analysis, Southern Blotting, RT-PCR, Western Blot, and ELISA
Target gene expression levels were probed either with RT-PCR using corresponding primers (Online Table I 
Analysis of Serum Lipid, Glucose, and PON Activity
Mice were fasted for 16 hours before being bled for analysis of serum total cholesterol (TC), HDL-cholesterol (HDL-C), very-lowdensity lipoprotein (VLDL)/LDL-cholesterol (VLDL/LDL-C), triglycerides, and glucose. Mouse HDL was isolated by ultracentrifugation of serum samples as described. 10 HDL-associated PON activity was measured spectrophotometrically using phenylacetate as the substrate. 27 
LDL Oxidation Protection Assay
Human LDL was isolated by ultracentrifugation of serum as described. 10 The LDL oxidation assay was performed as described, 11 and the lipid hydroperoxide content of samples was then determined using the Fox assay. 28 
Mouse Peritoneal Macrophage Isolation and Assays of Oxidative Stress, Inflammation, and Foam Cell Formation
Mouse peritoneal macrophages (MPMs) were isolated as described. 15 Intracellular oxidative stress induced by oxLDL was detected using 2Ј,7Ј-dichlorofluorescein. 15 Tumor necrosis factor (TNF)-␣ and interleukin (IL)-6 levels were analyzed after 6 hours of 50 g/mL oxLDL stimulation by RT-PCR using listed primers (Online Table I ). Foam cell formation of MPMs was determined using oil red O staining after 24 and 48 hours of 50 g/mL oxLDL stimulation.
Statistical Analyses
All values are expressed as meansϮSEM. Statistical differences between two data sets were determined via the Students t test. A value of PϽ0.05 was considered statistically significant.
Results

Human PC Tg Mice
Five independent Tg mice lines carrying the intact human PON1, PON2, and PON3 genes and their flanking sequences ( Figure 1A) were established, as identified by routine PCR analysis (data not shown) and Southern blotting (Online Figure I , A). P2 PC Tg mouse line carried highest (Ϸ8) copies of the transgene (Online Figure I, A) , expressed the highest human PON1 level in the liver (Online Figure I, B) , and was chosen for the following analysis. Studies with another independent line gave similar results (data not shown). The tissue distributions of the human PON1, PON2, and PON3 transgenes were similar to those of intrinsic mouse PONs, with PON1 expressed primarily in the liver and PON2 and PON3 expressed more universally ( Figure 1B ). Human PON1, PON2, and PON3 proteins were also detected in the aortas of PC Tg mice, with PON1 exhibiting the highest, PON2 the intermediate, and PON3 the lowest ( Figure 1C ). We also confirmed the presence of human PON1 protein in the HDL of P2 PC Tg mice ( Figure 1D ). Subsequent paraoxonase activity analysis revealed that the HDL of P2 PC Tg mice exhibited 60% higher paraoxonase activity than that of Wt mice ( Figure 1E ). When maintained on the chow diet, both male and female PC Tg mice were healthy and exhibited normal body weight, similar plasma TC, HDL-C, VLDL/ LDL -C, triglyceride, and glucose levels compared with their Wt littermates (Online Table II ).
PC Tg Represses Atherogenesis in ApoE-Null Mice
To investigate atherogenesis, PC Tg mice were crossed onto the ApoE-null background. Both male and female PC Tg/ ApoE-null mice, together with control ApoE-null mice, were switched to the high-fat diet at the age of 6 weeks. After 10 weeks on the high-fat diet, male and female mice in both groups exhibited similar dramatic increases in plasma TC, HDL-C, and VLDL/LDL-C levels and similar decrease in serum triglycerides, with the same normal glucose levels (Online Table II ). However, the incidence of atherosclerotic lesions in the entire aortas of female PC Tg/ApoE-null mice was 23.5% lower than that of ApoE-null littermates (Figure 2A ). Among males, the reduction in atherosclerotic lesions was 33.9% ( Figure  2B ). To assess the effect of extended high-fat diet, the induction was prolonged to 16 weeks. Plasma TC, HDL-C, and VLDL/LDL-C remained at high levels in both sexes of the 2 groups (Online Table II ). However, lesion areas in PC Tg/ApoE-null mice remained less than those in ApoE-null controls, with decreases of 33.3% ( Figure 2C ) and 27.7% ( Figure 2D ) for females and males, respectively. These results demonstrate that PC Tg repressed atherogenesis on both female and male ApoE-null mice.
PC Tg Promotes Atherosclerotic Plaque Stability
To further investigate whether PC Tg can influence atherosclerotic plaque stability, hearts of female PC Tg/ApoE-null and ApoE-null mice were collected after 16 weeks of high-fat diet induction and sectioned at the aorta sinus level for histological analysis. H&E staining of these sections indicated that plaque area and the ratio of blank area (indicating necrotic core) to entire plaque area of PC Tg/ApoE-null mice ( Figure 3B ) were 21.1% ( Figure 3C ) and 13.1% ( Figure 3D ) less than those of control ApoE-null mice ( Figure 3A ), respectively. Such results, on the one hand, indicated that PC transgene did repress atherogenesis but, on the other hand, suggested that plaques from PC Tg/ApoE-null mice exhibited thicker fibrous caps and smaller necrotic cores than plaques from control ApoE-null mice. Further stability investigation by detecting plaque composition indicated that plaques from PC Tg/ApoE-null mice exhibited increased percentages of collagen (76.9%; Figure 4C , 4D, and 4I) and smooth muscle cells (15.8%; Figure 4G , 4H, and 4I) and reduced percentages of macrophages (22.3%; Figure 4E , 4F, and 4I) and lipid area (9.5%; Figure 4A , 4B, and 4I) compared with those from ApoE-null mice. These serial alterations in the plaque composition indicated that PC transgene also promoted stability of plaques generated in ApoE-null mice besides repressing atherogenesis. Accordingly, the histological plaque stability score was also improved by PC transgene ( Figure 4J ).
PC Tg Reinforces the Ability of Mouse HDL to Protect Against Human LDL Oxidation In Vitro
Reported individually, PON1, PON2, and PON3 inhibited atherosclerosis mainly by inhibiting LDL oxidation. 11, 15, 19 Here, HDL from PC Tg mice and Wt mice were isolated by ultracentrifugation and analyzed in a 12-hour LDL copperinduced oxidation system at final concentrations of 0.25 mg/mL HDL and 0.5 mg/mL HDL, respectively. Relative hydroperoxide levels were detected every 2 hours. At the dose of 0.25 mg/mL, the PC Tg HDL exhibited more obviously consistent reductions in the lipid hydroperoxide production after incubation than PBS control compared to the Wt HDL. For example, after 4 or 6 hours of induction, lipid hydroperoxide production of human LDL incubated with PC Tg HDL were 40% (Pϭ0.0007) or 57% (Pϭ0.0001) less than human LDL incubated with Wt HDL, respectively ( Figure  5A ). When the dose of the HDL was raised to 0.5 mg/mL, both sets of sample exhibited much lower levels of lipid hydroperoxide production than PBS control, with no apparent difference between the 2 groups ( Figure 5B ). Thus, although both sets of HDL are effective in preventing LDL oxidation, PC Tg HDL is more effective than the Wt HDL, especially when HDL concentration is lower.
Reduction of ICAM-1 and MCP-1 in Tg Mice
OxLDL stimulates endothelial cells to secrete inflammatory and attractant molecules such as ICAM-1 and MCP-1. 29 Thus, using ELISA, we quantified serum ICAM-1 and MCP-1 levels in female and male PC Tg/ApoE-null and ApoE-null mice after 16 weeks of high-fat diet induction to detect whether the effect of in vitro oxLDL inhibition by PC transgene can translate into serum adhesion molecules reduction. Serum levels of ICAM-1 in female and male PC Tg/ApoE-null mice were 31% and 51% lower, respectively, than those of ApoE-null mice ( Figure 6A ). Serum levels of MCP-1 in female and male PC Tg/ApoE-null mice were 36% and 34% lower, respectively, than those of ApoE-null mice. These results indicate that PC transgene represses the production of ICAM-1 and MCP-1 in mice ( Figure 6B ).
PC Transgene Inhibits Proatherosclerotic Activities of MPMs
ICAM-I and MCP-1 mediate recruitment of macrophages, which play key roles in atherogenesis and plaque stability by participating reactive oxygen species (ROS) generation, inflammation, MMP production, and foam cell formation. 2, 30 To detect whether functions of macrophages were affected by PC transgene, MPMs were isolated and analyzed. Macrophages from PC Tg mice can express high level of human PON2 besides intrinsic mouse PON2 and PON3 ( Figure 7A ). When stimulated by oxLDL at 50 g/mL, PC Tg macrophages maintained significantly lower levels of ROS for at least 2 hours than macrophages from Wt mice ( Figure 7B ), indicating that human PON2 overexpression inhibits ROS generation in MPMs. Inflammatory factors such as TNF-␣ and IL-6 are expressed at lower levels in PC Tg MPMs compared with Wt MPMs. When stimulated by oxLDL at 50 g/mL for 6 hours, both Wt and PC Tg MPMs express elevated levels of TNF-␣ and IL-6. However, these increases were significantly lower in PC Tg MPMs ( Figure 7C ). These results suggest that inflammatory responses of MPMs are also prominently attenuated by human PON2 overexpression, even under oxLDL stimulation. In addition, MMP-9 expression in PC Tg MPMs was significantly lower than that in Wt MPMs, even after stimulation with 50 g/mL oxLDL for 6 Figure 4 . Plaques from PC Tg/ApoE-null mice were more stable than those of control ApoE-null mice. Sectioned aorta sinus plaques were stained by oil red O for lipid (A and B), Picric and Sirius for collagen (C and D), SMA for SMC (E and F), and MOMA-2 for macrophages (G and H). I, Plaques from PC Tg/ApoE-null mice exhibited increased percentages of collagen (76.9%) and SMCs (15.8%) and reduced percentages of macrophages (22.3%) and lipid area (9.5%) compared with those from ApoE-null mice. *PϽ0.05, **PϽ0.01 for PC Tg/ApoE-null vs ApoE-null mice (nϭ10 for each group). J, Plaque stability score of PC Tg/ApoE-null mice was 70% higher than that of ApoE-null mice. Bars: 0.4 mm (left) and 80 m (right) for each.
hours ( Figure 7D ), suggesting that human PON2 overexpression can inhibit MMP-9 expression in MPMs even under oxLDL stimulation, which was further confirmed by the fact that weaker immunohistochemical staining was detected in the plaques from PC Tg/ApoE-null female mice than that of control Wt/ApoE-null female littermates after 16 weeks of high-fat diet feeding ( Figure 7E) . Finally, foam cell formation in PC Tg MPMs was markedly less compared with that seen in Wt MPMs after stimulation with 50 mg/mL oxLDL for 24 hours or 48 hours ( Figure 8A) , as indicated by evaluation of cellular area ( Figure 8B ) and foam component (Figure 8C ), respectively. The abovementioned results proved that proatherosclerotic activities of MPMs were extremely inhibited by PC transgenic overexpression.
Discussion
While PC members, PON1, PON2, and PON3 have been individually reported to inhibit atherosclerosis. 11, 15, 19 The present study demonstrates for the first time that the intact human PC transgenic overexpression not only repressed the development of atherosclerosis but also promoted the stability of atherosclerotic plaques that did form in vivo. Furthermore, such functions are independent of alterations of parameters of lipid metabolism, with respect to the present results, along with previous genomic modification researches of PONs. 9 -11,15,19 It has been reported that PON1-deficient HDL lacks the ability to prevent LDL oxidation in a cell culture system, 9,10 whereas HDL isolated from human PON1 Tg mice has an enhanced ability to prevent LDL oxidation in vitro. 11 In present study, we evaluate the effect of HDL on copperinduced LDL oxidation. The results demonstrated that PC Tg HDL possessed elevated paraoxonase activity ( Figure 1E ) and enhanced the ability of the HDL in protecting LDL from being oxidized in vitro ( Figure 5 ). Because oxLDL can stimulate endothelial cell secretion of MCP-1 and ICAM-1 and other adhesion molecules to mediate atherogenic recruitment of macrophages, 29 this suggests a mechanism by which HDL-associated PON1 can reduce atherosclerosis. Indeed, it was reported that aortic MCP-1 expression was reduced 44% in PON1 Tg/ApoE-null mice when compared with ApoE-null littermates. 11 Here, we found that, besides serum MCP-1, serum ICAM-1 levels were also lower in PC Tg/ApoE-null mice on high-fat diet than those in ApoE-null mice ( Figure 6 ). Both MCP-1 and ICAM-1 have been well documented as having functions of mediating macrophage recruitment and migration to atherosclerotic lesion. 31, 32 Thus, by inhibiting Figure 5 . PC Tg HDL protects human LDL against oxidation in vitro. A, LDL incubated with 0.25 mg/mL PC Tg HDL exhibited consistent decreases in lipid hydroperoxide levels after 12 hours of incubation than the LDL plus Wt HDL group. The decreases were 40% (Pϭ0.0007) or 57% (Pϭ0.0001), respectively, after 4 or 6 hours of induction, compared with the LDL incubated with 0.25 mg/mL Wt HDL. B, Both the LDL plus Wt HDL group and the LDL plus PC Tg HDL group exhibited extremely reduced levels of lipid hydroperoxide (no difference between these 2 groups) at a dose of 0.5 mg/mL. Experiments were repeated 3 times with similar results. Figure 6 . Inflammatory factor reduced in Tg mice. Serum ICAM-1 and MCP-1 from both female and male PC Tg/ApoEnull and their ApoE-null littermates were detected by ELISA after 16 weeks of high-fat diet. A, Female and male serum ICAM-1 levels of PC Tg/ApoE-null mice were 31% (Pϭ0.027) and 51% (Pϭ0.049) lower than those of control ApoE-null mice. B, Female and male serum MCP-1 levels of PC Tg/ApoE-null mice were 36% (Pϭ0.047) and 34% (Pϭ0.028) lower than those of control ApoE-null.
MCP-1 and ICAM-1, PC transgene should decrease macrophage recruitment into local lesion. Then, we detected the recruitment of macrophages in the plaques and found that macrophages recruitment was dramatically reduced in the atherosclerotic plaques of female PC Tg/ApoE-null mice after 16 weeks on the high-fat diet, compared to plaques in female ApoE-null mice ( Figure 4E , 4F, and 4I). It has been reported that recruited macrophages contribute to atherogenesis by triggering inflammation and forming foam cell. 2, 30 Previous research indicated that MPMs from PON2-null mice generate more ROS and exhibit more serious inflammation than Wt MPMs. 15 In the present research, lower levels of ROS were produced in MPMs from PC Tg mice than in MPMs from Wt mice when challenged by oxLDL ( Figure  7B ). Inflammatory responses of MPMs were also remarkably inhibited by PC transgene, as indicated by reduced expression of TNF-␣ and IL-6 ( Figure 7C ). Furthermore, oxLDLinduced foam cell formation of MPMs was dramatically attenuated by transgenic overexpression of human PON2 ( Figure 8 ). As we have known, oxLDL can affect vascular cells by both internal and external mechanisms. 4 Results of our present research suggest that transgenic human PONs can exert their antiatherosclerotic functions at 2 different levels, ie, externally in the serum (PON1 and PON3 effects on HDL function) and internally in the cells (PON2 effects on macrophages function).
Because of these 2 levels of antiatherosclerotic effects of PC transgenic overexpression, atherosclerotic lesions in the entire aortas of PC Tg/ApoE-null mice were evidently less than that of ApoE-null littermates (Figure 2) . However, no evidently additive effect on atherogenesis could be found when comparing atherosclerosis reduction caused by PC transgene with those caused by PON1 or PON3 single transgene. One of the reasons could be that any single PON gene overexpression could independently exert saturated oxLDL-inhibiting function, which is partly suggested by our results that even sufficient Wt HDL could attenuate the lipid hydroperoxide production of human LDL induced by CuSO 4 as strong as equal amounts of PC HDL ( Figure 5B) .
Moreover, reducing size of atherosclerotic plaque is not enough to cure atherosclerosis, because the main cause of complications of atherosclerosis is the rupture of atherosclerotic plaque. 33 Stabilizing plaque is becoming an important focus for atherosclerosis treatment. Although each member of PON gene cluster has been individually reported as being able to inhibit atherogenesis, little information is available on the function of PONs in the atherosclerotic plaque stability. Vulnerable plaques have a larger lipid core and thinner fibrous cap, more infiltration of macrophage and less SMC, and more active inflammation and less extracellular matrix compared with stable plaques. 7 Here, we analyzed and compared the plaques of female Tg/ApoE-null mice and their ApoE-null littermates. H&E staining indicated that plaques from PC Tg/ApoE-null mice exhibited thicker fibrous caps and smaller necrotic cores (as evidenced by less blank area inside the plaques) than those from control ApoE-null mice (Figure 3) , suggesting that plaques in PC Tg/ApoE-null mice were more stable than those of control ApoE-null mice. Further analysis revealed that presence of macrophages along with the lipid area in the plaques of PC Tg/ApoE-null mice ( Figure 4B , 4F, and 4I) were obviously reduced compared to ApoE-null mice ( Figure 4A, 4E, and 4I) . Infiltrated macrophages are the main contributors to foam cell and necrotic core formation, both of which promote plaques rupture. 34 Inhibiting macrophage infiltration therefore should help to stabilize atherosclerotic plaques. Local macrophages can also express several species of MMPs for degradation of extracellular matrix generated in the plaques. Among these, MMP-9 is highly expressed and plays a pivotal role in the process of matrix degradation via cleavage of elastin and type IV collagen. 35 Thus, inhibition of MMPs, especially MMP-9, is a pivotal strategy for stabilizing plaques. 36 It has also been reported that oxLDL could upregulate MMP-9 expression while reducing TIMP-1 expression in monocyte-derived macrophages. 37 In the present research, we found that PC transgene, which dramatically inhibited LDL oxidation in vitro, could effectively inhibit MMP-9 in vitro (expression of MMP-9 was significantly lower in MPMs of PC Tg compared with Wt mice; Figure 7D ) and in vivo (expression of MMP-9 in the plaques of PC Tg/ApoE-null mice was lower than that in ApoE-null mice; Figure 7E ), which resulted more abundant collagen presented in PC Tg/ApoE-null plaques than Wt/ ApoE-null plaques ( Figure 4C , 4D, and 4I) at least in part. These abovementioned scenarios promoted the composition of the plaques to a more consolidated state. Calculated plaque stability score of PC Tg/ApoE-null mice was 70% higher than that of ApoE-null mice ( Figure 4J ), which further indicated that PC transgene promoted plaque stability formed in ApoEnull mice. However, whether the plaque stability-promoting function of PONs can eventually inhibit plaque rupture needs to be determined in future developed models, because the present mouse aorta sinus atherosclerotic plaque models seldom rupture. Here, the evidence of the plaque stabilitypromoting functions of PONs was based on the entire gene cluster overexpression instead of on any single PON member. Further investigations are needed to explore whether any single PON member gene has such function or which member plays a central role in this process. Still, our results indicate the possible usefulness of PONs for atherosclerosis treatment, especially for promoting plaque stability.
In conclusion, our present research has demonstrated that PC transgene not only represses high-fat diet-induced atherogenesis but also leads to formation of more stable plaques in ApoE-null mice. Considering that treatment of atherosclerosis is somewhat disappointing because of a lack of effective ways of preventing atherosclerotic plaque rupture, the present work sheds light on this challenge. The PC Tg mice model will also be useful for investigating potent strategies aiming to reinforce PONs to inhibit atherogenesis and stabilize atherosclerotic plaques. 
Mouse Breeding, Diet, and Analysis of Atherosclerotic Lesions
Mice on the B6 background were maintained on a 6% fat chow diet. For analysis of atherosclerotic lesions, B6 PC Tg mice were crossed twice with B6 ApoE null mice to obtain PC Tg/ApoE null mice and ApoE null littermates. ApoE null background mice were maintained on chow diet for 6 weeks and then switched to a Western diet containing 10% fat and 1.25% cholesterol for either 10 or 16 additional weeks to induce atherosclerosis. The extent of atherosclerotic lesions in the entire aorta was analyzed as described 2, 3 . Briefly, after the mouse was euthanized and perfused successively with ice-cold PBS and 4% paraformaldehyde, aortas were excised, opened longitudinally and fixed for en face analysis of plaque, from brachiocephalic artery to iliac artery. After removing the adventitial tissue, the aorta were stained with Oil Red O (Sigma) and laid out on slides. The percentage of the luminal surface area stained by Oil Red O was determined using Image Pro Plus software after En face images being obtained.
Plaque Morphology Histomorphometric Analysis
After the mouse was euthanized and perfused successively with ice-cold PBS and 4% paraformaldehyde, the heart and the ascending aorta (n=10/group) were collected for histological and immunohistological analysis. Serial cryostat sections (10 µm in the thickness) of the aortic root were prepared as described previously 4 (Table 1 in the online data supplement). The ratio of target cDNA level relative to the β-Actin cDNA level was determined for each sample.
Western Blotting, ELISA Analysis
Protein extracts from samples (50 µg) were fractionated on 10% polyacrylamide gels under reducing conditions, transferred to nitrocellulose membranes, and probed with corresponding antibodies (anti-h PON1: Abnova, H00005444-A01; anti-h PON2: Abnova, H00005445-A01;
anti-h PON3: Santa Cruz,sc-21152). After incubation with peroxidase-conjugated second antibody, signals were visualized using an Enhanced Chemiluminescence kit (Amersham).
Plasma levels of MCP-1 and ICAM were evaluated by commercially available solid-phase sandwich ELISA kits (Calabasas, 2R610&2R620), using the protocol recommended by the manufacturer.
Analysis of Serum Lipid, Glucose, and PO Activity
Mice were fasted for 16 hours before bleeding. Total cholesterol (TC), HDL cholesterol (HDL-C), VLDL/LDL cholesterol (VLDL/LDL-C), triglycerides (TG), and glucose were measured using enzymatic kits. PC Tg HDL and Wt HDL were isolated in the absence of EDTA by ultracentrifugation of serum samples from 10 PC Tg and 10 Wt mice as described 5 .
HDL-associated PON activity was measured spectrophotometrically using phenylacetate as the substrate 6 .
LDL Oxidation Protection Assay
Human LDL was isolated by ultracentrifugation of serum as described 5 
Inflammation and Foam Cell Formation
Wild type and PC Tg mice were injected intraperitoneally on days 1 and 3 with 2.5 ml of 3% thioglycollate broth. On day 5, cells were collected from the peritoneal cavity of these mice and plated onto tissue culture dishes in DMEM containing 10% FBS and 1% penicillin/streptomycin. Three hours later, non-adherent cells were removed by rinsing with PBS, and adherent cells were retained for further analysis 9 . To detect intracellular oxidative stress induced by oxLDL, MPM were incubated in 96-well plates (1X10 6 cell/ml) for 30 minutes with complete medium containing 100µM DCF (2',7'-dichlorofluorescein). Cells were then switched to PBS containing 50µg/ml oxLDL for 2 hours and fluorescence was determined every 20 minutes using a fluorescent microplate reader (Spectra Max Gemini XS, Molecular Devices) with an excitation filter of 485 nm and an emission filter of 530 nm 9 . To detect the inflammatory reaction of MPM to oxLDL stimulation, MPM were incubated with complete medium containing 50µg/ml oxLDL for 6 hours, and total RNA was extracted for RT-PCR analysis of expression of TNF-α and IL-6 levels using primers listed in the primer table (Table 1 in the online data supplement). To detect foam cell formation of MPM in response to oxLDL, MPM were incubated with complete medium containing 50µg/ml oxLDL for 24 and 48 hours, and then stained with Oil Red O. Experiments involving the use of peritoneal macrophages were performed a minimum of three times using two mice per group in each trial.
Statistical Analyses
All values are expressed as mean±SEM. Statistical differences between two data sets were
